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Mountain Glaciers: On Thin Ice
Mountain glaciers as key indicators of climate change 
Mountain glaciers are the most visible sign of global climate 
change; everybody can see their development and qualita-
tively understand the main processes involved: snowfall and 
melting as a result of weather conditions. 
Glaciers can be found in, and compared across, all latitudes – from the equator to 
the poles. Mountain glaciers are therefore key indicators in global climate observa-
tion systems.
Glaciers have been observed in an internationally coordinated way for more than a 
century (Haeberli 2006). The results from data collected around the world are not 
at all comforting and the perspectives for the near future even less so: Evidence 
of accelerated glacier shrinkage at a global scale is becoming stronger. The aver-
age rate of thickness loss measured on 30 reference glaciers worldwide (Figure 
3.1) has doubled since the year 2000 (Zemp et al 2009) compared with the period 
1980-1999 (see Figure 3.2). The record loss in 1998 has already been exceeded 
three times in the 21st century, and the new record loss in 2006 was almost twice 
that of 1998. Satellite-based information confirms this trend and indicates even 
significantly higher losses in certain regions such as southern Alaska. Despite dec-
adal regional and individual exceptions of glacier advance – for example, in the 
wetter parts of Norway, in New Zealand, and in the western Himalaya – rapid 
shrinkage dominates at a worldwide and centennial scale. 
Facts and figures on glacier retreat
Measurements of changes in the length of glaciers constitute the main data col-
lected during the initial phases of international glacier monitoring, which began in 
1894. Information from such simple observations is extremely robust, and it leaves 
no doubt that today the shrinking of mountain glaciers is taking place at a global 
scale and at a rapid rate. The strikingly synchronous retreat in many parts of the 
world since the late 20th century may be unique; in many regions, glaciers have 
now been reduced close to their minimum extent during the climate optimums in 
the Holocene, i.e. in the past 10,000 years (Solomina et al 2008) – and in some 
places even beyond this. 
Wilfried Haeberli, Michael Zemp 
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Observations based on mass balance – i.e. the difference between income, which 
is snowfall, and expenditure, which is mostly melting – show that loss of ice is 
even taking place at a rate considerably faster than what could be expected from 
enhanced greenhouse effects alone. This means that self-reinforcing processes, 
especially due to decreasing reflectivity (albedo) from darkening glacier surfaces, 
retreating snowlines, and enhanced dust deposition from snow-free surrounding 
slopes have increasingly come into play (Oerlemans et al 2009, Paul et al 2005). 
In recent years, glacier inventories based on satellite images and digital terrain 
information have opened new perspectives for documentation of the distribu-
tion of glaciers and ice caps and the ongoing changes affecting them. Computer 
models combining data from observed time series with satellite information make 
it possible to look at changes in larger glacier ensembles which extend over entire 
mountain regions. They show very clearly that even if global warming is limited 
to 2°C, small- to medium-size glaciers in many mountain ranges will most likely 
disappear already within the coming decades, with grave consequences for local 
hazard potential and water cycles. Large glaciers may develop extreme disequi-
libria and down waste or collapse rather than retreat, as is indeed being observed 
more and more frequently. 
Techniques have also been developed to model the topography that will be uncov-
ered by vanishing glaciers. This helps anticipate the formation of new lakes in local 
depressions of glacier beds that are becoming exposed. Such new lakes are fas-
cinating and constitute an interesting new potential for hydropower production. 
They also replace some of the landscape attractiveness lost with disappearing gla-
ciers. However, they constitute a growing hazard for flood waves and far-reaching 
debris flows caused by moraine breaching or by rock avalanches from de-glaciated 
slopes or slopes which contain degrading permafrost. Figure 3.1: Global distribution of glaciers, 
ice caps and ice sheets as well as the  locations 
of 30 reference glaciers with long-term 
continuous mass balance observations.
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The impacts of vanishing glaciers
The most serious impact of vanishing mountain glaciers undoubtedly concerns the 
water cycle from regional to global scales. Glacier melting will probably dominate 
sea level rise during our century (Meier et al 2007) and the seasonality of runoff 
will dramatically change due to the combined effects of less snow storage, earlier 
snowmelt, and decreasing glacier melt. An estimated one billion people mainly in 
Asia, North and South America and Central and Southern Europe currently depend 
on snow and glacier meltwater during the dry season and may be affected by such 
changes (UNEP 2007). The lack of water during extended future droughts caused 
by changing snow and ice cover in high mountain ranges has the potential to 
seriously affect economies and livelihoods in general. Problems during the warm 
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Global monitoring of glaciers
The United Nations Environment Programme (UNEP) and the World Glacier 
Monitoring Service (WGMS) recently issued a compilation and assessment 
of quantitative information on glaciers from long-term observations (WGMS 
2008). Measurements include change in length, i.e. advance and retreat of 
glaciers; monitoring of mass balance; and observation based on spatial infor-
mation technology such as satellite imagery and digital terrain information. For 
more information see: 
http://www.grid.unep.ch/glaciers/
Additional links: 
- Global Terrestrial Network for Glaciers (GTN-G; www.gtn-g.org)
- World Glacier Monitoring Service (WGMS; www.wgms.ch)
- US National Snow and Ice Data Centre (NSIDC; www.nsidc.org)
- Global Land Ice Measurement from Space initiative (GLIMS; www.glims.org)
- GlobGlacier project of the European Space Agency (www.globglacier.ch) 
Figure 3.2: Evolution of annual glacier 
mass balance. Blue and red bars indicate ice 
gain and loss, respectively. The mass  balance 
unit is millimeter water equivalent. 
Data from the World Glacier Monitoring Service.
25
Glaciers and ice caps by main regions*
Arctic Islands (incl. Greenland)  275,500 km2 
North America    124,000 km2
Antarctica      77,000 km2
Central Asia      62,000 km2 
North Asia      59,600 km2
Hindu Kush-Himalaya     52,800 km2
South America       25,500 km2
Europe (incl. Caucasus)        6,725 km2 
New Zealand        1,160 km2
Africa                6 km2 
New Guinea                          3 km2
Total     684,294 km2
If all these glaciers and ice caps melted away, sea levels would rise by roughly 
half a meter (IPCC 2007). In addition, the complete melting of the Antarctic and 
Greenland ice sheets would result in sea level rises of 57 and 7 m, respectively. 
* excluding the Antarctic and Greenland ice sheets.
Sources: Dyurgerov and Meier 2005, WGMS 2008. 
or dry season include fewer resources on the supply side, with longer-lasting dis-
charge minima and low flow periods in rivers, lower lake and groundwater levels, 
higher water temperatures, perturbed aquatic systems and less power production, 
as well as increasing needs on the demand side for water for a growing popula-
tion, urbanisation, industrialisation, irrigation, power production and fire fighting. 
The combined effect of lower supplies and increasing demands holds a potential 
for conflict. Together with higher air temperatures, increased evaporation and 
changing snow conditions, the vanishing of mountain glaciers could dramatically 
sharpen two fundamentally important questions: who owns the water and who 
will decide on the priorities for its use?
Eiger Glacier, Switzerland in about 1900 (Courtesy of S. Nussbaumer) Eiger Glacier, Switzerland in 2009 (S. Nussbaumer)
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While the largest glaciers in South America are found in 
Southern Chile and Argentina, the small glaciers in the dry 
tropical and subtropical Andes are critically important for 
freshwater storage and supply.
Marco Zapata 
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Huaraz, Peru
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Tropical Glaciers of the Andes: Peru 
The meltwater of the glaciers in the Peruvian Andes, for example, is used for mul-
tiple purposes such as domestic consumption, irrigation, hydropower generation 
(80% of total electricity produced in Peru) and mining operations, which play a vital 
role in the development of the country, especially the arid Pacific coast and Andean 
front ranges which contain 70% of the population, but comprise of only 1.8% 
of the totally available water resources of the country. About 70% of the tropi-
cal glaciers in the Andes are found in Peru, while the rest are in Bolivia, Ecuador 
and  Colombia. Accelerated glacier retreat can be observed in all these countries. 
In 1970, the area covered by glaciers was 2041 km2 in Peru, but only 1595 km2 
in 1997, a loss of 22% in only 27 years. Small glaciers disappeared completely. 
Moreover, glacier retreat has been accelerating. In Peru’s Cordillera Blanca, for ex-
ample, average retreat rates for six observed glacier fronts were 7 to 9 meters per 
year between 1948 and 1976, but have been about 20 meters per year since then. 
The vanishing of glaciers threatens regional water supply during the dry season in 
many large catchment areas, affecting thousands of people. A cooperative Swiss-
Peruvian project on adaptation to climate change has recently been initiated in 
the Andes regions of Cusco and Apurímac. A remarkable collaboration between 
Peruvian and Swiss scientific institutions, non-governmental organizations focusing 
on practice and implementation, and the political level, is establishing the scientific 
basis of climate change impacts in this region and developing corresponding adap-
tation strategies with local communities. The project is active in the field of water 
resources, food security and disasters. 
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The most recent maximum extent of New Zealand’s 
 glaciers occurred at the end of the Little Ice Age, which 
terminated near the end of the 19th century. 
Trevor Chinn 
Alpine Processes Consultancy 
Lake Hawea 
New Zealand
 Proglacial lakes of Hooker and Mueller Glaciers, New Zealand (T. Chinn)
Glaciers in the New Zealand Alps 
Since then, New Zealand experienced a modest warming of about 1°C, from about 
1890 until the 1970s. A 61% volume loss in glaciers has been calculated for this 
period. After the mid 1980s, the fast response alpine glaciers gained mass and 
advanced noticeably. Since the beginning of the 21st century, the number of re-
treating glaciers has increased again. A net loss of ice volume between 1977 and 
2005 of about 10% has been reported in recent studies, mostly from the largest 
glaciers. This loss will not have noticeable effects on water supplies, including hy-
dropower generation and irrigation, as the glaciers lie in a very high precipitation 
zone.  Locally, there may be dramatic changes to the tourist trade where some gla-
ciers retreat from easy access. 
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Historical documentation is especially rich in the European 
Alps. Glaciers there lost about half their total volume, or 
0.5% per year, between 1850 and 1975. Another 25%, 
or 1% per year, of the remaining volume vanished between 
1975 and 2000, and an additional 15 to 25%, or 2 to  
3% per year, was lost in the first years of our century.
Glaciers in the European Alps
Wilfried Haeberli, Michael Zemp 
World Glacier Monitoring Service (WGMS) 
Geography Department 
University of Zurich 
Switzerland 
The emergence of the roughly 5000-year-old body of the Oetztal iceman in 1991 
clearly demonstrated to a worldwide public that conditions in the Alps had reached, 
if not exceeded in some places, the “warm” limits of climate variability since many 
millennia. 75% of the glacier area still existing in the period 1970–1990 is likely 
to disappear already with an increase in summer air temperature of 2.5 °C (Zemp 
et al 2006). The modelling shows that this loss is virtually independent of the sce-
nario range in precipitation changes and might already become reality during the 
first half of our century (OcCC 2004). 
Together with earlier snowmelt, such a dramatic reduction in glacier area will reduce 
water supplies in the late-summer seasons, which could seriously limit economic 
activity and worsen living conditions far beyond the Alps. Hydropower production 
from Alpine reservoirs, with its growing importance for covering short-term peak 
demands in the expanding European network, will also have to be fundamentally 
re-thought, with a view to storing water in wintertime and releasing it in summer-
time – the opposite of current practice. A project on hydropower, climate change 
and glaciers funded by the Federal Office for the Environment and Forces Motrices 
Valaisannes, a regional association of hydropower suppliers, has been initiated in 
Switzerland to investigate such questions. Serious threats from new lakes at the sur-
faces and margins of glaciers have emerged since the turn of the millennium in Italy, 
at the Italian/French border, and in Switzerland, necessitating remedial action by the 
authorities. The International Working Group on Glacier and Permafrost Hazards in 
Mountain Regions provides recommendations and guidance for such action. 
Morteratsch Glacier, Switzerland (J. Alean)
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The Hindu Kush-Himalaya region is among those with the 
least available data on glaciers. Glacier retreat from  Little 
Ice Age moraines is widespread. However, fluctuation 
 series are extremely sparse (WGMS 2008) and do not 
allow for sound quantitative comparison of rates of change 
with other regions. 
Pradeep Mool 
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Nepal
Bhutan’s glaciers from space (ASTER satellite image)
Glaciers in the Hindu Kush-Himalaya 
Based on the few available mass balance measurements, a simplified model exper-
iment shows the vanishing of a small clean-ice glacier, called AX010 in the Everest 
Region in Nepal, as the consequence of a rise in summer air temperature by 3 °C, 
neglecting variations in other climatic variables (Ageta and Kadota 1992). But the 
results for this glacier, with an elevation range from 4,950 to 5,360 m in 1978, 
cannot be applied to the entire Hindu Kush-Himalaya with its many debris-covered 
glacier tongues and accumulation areas reaching elevations above 8,000 m. The 
region is strongly underrepresented in terms of front variation and mass balance 
observations. There is thus an urgent need to improve the observational basis for 
glacier changes in the region, including climate records, so as to more safely assess 
the possible impacts of climate change. 
Glacial lakes form where glaciers retreat. The threat of glacial lake outburst floods 
(GLOFs) with damaging effects in downstream areas is increasing. An inventory 
compiled by ICIMOD identified about 200 potentially dangerous glacial lakes in 
the Hindu Kush-Himalaya. Field investigations now underway will help understand 
how these lakes are formed and what risks they pose. At Tsho Rolpa glacial lake in 
Nepal, considered a hazard that required immediate attention, the lake level was 
artificially lowered by three meters, at a cost of USD 3 million, and an early warning 
system installed with the participation of the local population. Exchange of knowl-
edge and experience with the Alpine countries to assess the evolution of glaciers 
and lakes and develop adaptation strategies has recently started.
